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Abstract

Background: Motor recovery following a multiple sclerosis (MS) relapse depends on mechanisms of

tissue repair but also on the capacity of the central nervous system for compensating of perma-

nent damage.

Objectives: We aimed to investigate changes in corticospinal plasticity and interhemispheric connec-

tions after a relapse of MS using transcranial magnetic stimulation (TMS).

Methods: Twenty healthy and 13 relapsing–remitting MS subjects with a first motor relapse were

included. TMS mapping and ipsilateral silent period (iSP) were performed after relapse and at

6-month follow-up.

Results: Strength and dexterity of the paretic hand were impaired at baseline and improved over time.

After relapse, mapamplitude and mapdensity were decreased for the ipsilesional-corticospinal tract (IL-CST)

while expanded for the contralesional-CST (CL-CST). At follow-up, map parameters normalized for the

CL-CST independently from recovery while the increase of outputs from the IL-CST was associated

with straight and dexterity improvement. iSP measurements were impaired in MS irrespective of the

phase of the disease. Prolonged iSPduration at baseline was associated with less dexterity recovery.

Conclusions: After a motor relapse, TMS mapping shows acute changes in corticospinal excitability and

rearrangements of motor outputs. iSP is less influenced by the phase of disease but may better predict

recovery, possibly reflecting the integrity of interhemispheric motor networks.
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Introduction

Tissue repair after a multiple sclerosis (MS) relapse

depends on several factors, such as resolution of

inflammation and oedema, and restoration of con-

duction to remyelinated axons or to persistently

demyelinated axons.1 Recovery of symptoms is,

however, highly variable, and seems to be only par-

tially related with structural central nervous system

(CNS) damage.2 Growing evidence highlights the

role of cortical reorganization and neural plasticity

in recovery for compensating axonal loss and struc-

tural damage.1,3 Functional magnetic resonance

imaging studies (fMRI) in MS indicate that function-

al plasticity is a dynamic phenomenon.4 An

increased recruitment of motor areas located in the

contralesional hemisphere during movement of the

impaired upper limb has been reported in subjects

with an acute motor relapse. After 1 year, patients

with good clinical recovery had relateralization of

motor networks to the previously affected hemi-

sphere, whereas those patients with poor clinical

recovery continued to show recruitment of motor

areas in the contralesional hemisphere.3

Transcranial magnetic stimulation (TMS) has been

used in MS to principally investigate corticomotor

conduction time. TMS offers also the possibility to

study acute and rapid plastic rearrangements of cor-

tical motor outputs and interhemispheric connections

in physiological or pathological conditions.5–7

Thickbroom and colleagues evaluated the topo-

graphic organization of the primary motor cortex

in relapsing–remitting multiple sclerosis (RRMS).

The authors found that delayed conduction was asso-

ciated with more laterally placed maps that was
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interpreted as a process of neural plasticity

associated with axonal damage in MS.8 Moreover,

abnormalities of interhemispheric conduction have

been detected in RRMS using the ipsilateral silent

period (iSP) technique.9 In both cases, subjects were

investigated in the remitting phase of the disease.

The aim of the present study was to evaluate early

changes of the map of outputs from the two motor

cortices and interhemispheric connections in RRMS

after acute relapse conditioning motor impairment of

one upper limb. We also tested whether these

changes correlated with indices of motor function

and with motor recovery.

Materials and methods

Population

Thirteen patients (F/M: 9/4, aged 33.3� 7.1) with

motor impairment of one upper limb (left/right-

¼ 6/7) due to an acute relapse of clinically definite

MS according to McDonald criteria10 were included.

All subjects had symptoms for no more than 10 days

and showed a new active lesion at brain or cervical

MRI consistent with the acute motor deficit. Nine

subjects were under corticosteroid treatment at base-

line evaluation (T1). Follow-up (T2) was performed

on average at 6months (range 4–8); during this

period subjects were free from new relapses. One

MS subject did not perform TMS assessment at T2

because of pregnancy (Table 1). Twenty healthy

volunteers matched according to gender and age

(F/M:13/7, aged 30.3� 8.8) were also studied.

Subjects gave their written informed consent

before participating in the study, which was

approved by our local Ethics Committee.

Clinical assessment

Patients received a complete neurological examina-

tion including Medical Research Council (MRC)

grading (where 0 indicates no movement and

5 normal strength) of abductor pollicis brevis

(APB) and abductor digiti minimi (ADM). Arm dex-

terity was assessed with the nine-hole peg test

(NHPT) which is a reliable measure commonly

used in neurological diseases, such as MS and

stroke.11,12 Furthermore, NHPT has been already

used as measure of motor dexterity in previous stud-

ies for evaluating longitudinal changes after acute

motor relapse of one side in MS.3,13 We performed

NHPT for both sides in MS subjects and controls.

Transcranial magnetic stimulation

TMS was delivered with a Magstim 200 simulator

(Magstim Company, Ltd., Whitland, Dyfed, UK)

connected to a figure-of-eight coil (70mm of exter-

nal diameter). The coil was positioned over the

best scalp location for optimal motor evoked poten-

tials (MEPs) to the contralateral hand muscle.

Electromyogram (EMG) was recorded from APB

and ADM muscles using Ag/AgCl surface electrodes

in a belly-tendon montage. For measurement of iSPs,

15 stimuli were applied at an intensity of 90% of the

maximal stimulator output to ensure maximal acti-

vation of transcallosal neurons while subjects were

performing a voluntary maximal contraction of the

ipsilateral APB muscle.6,7,14,15 This intensity was

Table 1. Demographic data and clinical features.

Age Gender

Disease

duration Relapse

MRI

lesion

load Symptomatic

lesion site

Time from

relapse

Corticosteroid

intake

Pt (years) F/M MS (months) N� N� EDSS (days) (days)

1 31 F RR 79 1 13 1.5 Cervical 7 3

2 23 M RR 30 3 16 1.5 Cervical 6 3

3 49 M RR 89 1 10 1.0 Cervical 5 1

4 35 F RR 144 4 30 3.0 ST 5 0

5 30 F RR 14 3 24 2.0 Cervical 5 0

6 30 F RR 106 3 20 1.5 Cervical 3 0

7 29 F RR 12 1 9 0.0 Cervical 9 5

8 33 F RR 227 2 27 3.0 Cervical 10 5

9 35 M RR 144 6 11 2.0 Cervical 10 4

10 42 F RR 98 4 30 2.5 ST 7 5

11 37 M RR 7 1 12 1.0 Cervical 10 3

12 23 F RR 4 1 7 0.0 ST 10 5

13 37 F RR 288 4 15 3.0 ST 7 2

m/sd 33.3�7.1 9/4 95.5�88.3 2.6�1.6 17.23�8.11 1.6�1 7.2�2.3

F: female; M: male; ST: supratentorial
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selected because it produces stable plateau values for

iSPonset latency and iSPduration.
16,17

For the cortical map registration, we used a grid

centred on the vertex. Intersection points of the

grid lines were spaced 1 cm apart and served as

visual references for coil positioning. APB and

ADM muscles were simultaneously and bilaterally

recorded. The cortical hotspot was defined as the

grid node eliciting optimal MEPs on at least one of

the contralateral APB or ADM muscles. For each

side, resting motor threshold (RMT) was measured

as the minimal intensity evoking MEPs in at least

one of the two muscles with amplitude of 50 lV or

higher in 5 out of 10 stimuli. TMS mapping was

performed at intensity of 115% of RMT, by stimu-

lating every 4 s at adjacent grid nodes starting from

the hotspot until no MEPs were evoked. Four

sequential MEPs were obtained for each node.6,7

The level of background EMG activity was constant-

ly monitored during the experiment, controlling for

muscle relaxation during both RMT detection

and TMS mapping. Data were acquired using

the SynAmp/SCAN 4.3 system (Compumedics

Germany GmbH, Singen, Germany).

Offline data analyses

Considering TMS mapping, the peak-to-peak ampli-

tudes of four MEPs obtained from the stimulation of

each scalp position were measured and averaged.

Then we calculated:

• Maparea (cm
2), as the number of responsive sites

at which a MEP of amplitude over 50lV
was evoked.

• Mapamplitude (mV), as
P

iMEPi e where MEPi is

the amplitude at i-th grid point.

• Mapdensity, as mapamplitude/maparea (mV/cm
2).

• Centre-of-gravity (CoG) as the average of stimu-

lated position coordinates weighted by MEP

amplitude, calculated as follows:6,7

CoGX ¼
X

X
MEPX � X

� �.X
X
MEPx

CoGY ¼
X

Y
MEPY � Y

� �.X
Y
MEPY

where MEPX/MEPY are the amplitudes of the MEP

value at X/Y-th grid position.

Data from both muscles were averaged and, for con-

trols, measurements obtained from the left and right

hemispheres were averaged.

Ipsilateral MEPs to stimulation of the unlesioned

corticospinal tract (CST) were also checked.

The iSP was quantified in the average of the 15-single

rectified-EMG traces. The iSPonset was defined as the

time point, after TMS pulse, with EMG activity con-

stantly smaller than the averaged baseline EMG con-

traction (pre-stimulus between –50 and –20ms). The

iSPoffset was defined as the first time point after

iSPonset in which the level of EMG activity regained

the baseline value. The iSPduration was the difference

between iSPoffset and iSPonset. The iSParea (in mV*s)

was calculated as [iSPamplitude, defined as mean EMG

level between iSPonset and iSPoffset * ISPduration].
15

A good reliability has been demonstrated for

iSPduration.
18 Furthermore, no effects of varying the

magnitude of the contraction have been found on

the time course of the iSP or on the depth of inhibition

but only when expressed as a percentage of the base-

line EMG level.19 To reduce inter-subject and

inter-session variability related to the degree of pre-

stimulus contraction, iSParea was normalized for the

rectified baseline EMG activity between –50ms and

–20ms pre-stimulus as follows:

Normalized� iSPareaðn� iSPareaÞ
: ½ðEMGarea–iSPareaÞ=EMGarea � 100�

Statistical analysis

Data were analysed with IBM SPSS Statistics 22.0.

A mixed factorial ANOVA designed for repeated

measurements was used for clinical and neurophys-

iological variables using ‘time’ (T1¼ baseline and

T2¼ follow-up) and ‘side’ (affected and unaffected)

as a within-subjects factors and ‘group’ (MS and

controls) as a between-subjects factor. According

to sample distribution to the Kolmogorov–Smirnov

test, post-hoc analyses were performed using para-

metric tests for neurophysiological parameters and

non-parametric tests for clinical measurements.

Spearman’s correlation coefficient was used to test

the relationship between clinical and neurophysiolog-

ical variables. Significance level was set at p� 0.05.

Results

Clinical evaluation

The ANOVA analysis performed for the NHPT

showed a significant effect of ‘group’ factor

Chieffo et al.
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(F1,31¼ 33.7, p< 0.0001), MS subjects being slower

than controls independently from the side and the

time of evaluation. A significant interaction among

‘group’, ‘side’ and ‘time’ factors (F1,31¼ 46.3,

p< 0.0001) was also obtained. MS subjects per-

formed the NHPT with the affected side slower

than with the unaffected at both T1 (z12¼ 3.06,

p¼ 0.002) and T2 (z12¼ 3, p¼ 0.003), although sig-

nificantly recovered over time (z12¼ 3, p¼ 0.002).

MRC score showed the same trend (ANOVA ‘side’

and ‘time’ effect: F1,12¼ 27.9, p< 0.0001), hand

muscles were weaker for the affected than the unaf-

fected side at T1 (z12¼ –3.2, p¼ 0.001) and T2

(z12¼ –2.6, p¼ 0.007), but significantly recovered

over time (z12¼ –3, p¼ 0.003).

TMS mapping

At baseline, three subjects showed no MEPs to stim-

ulation of the ipsilesional-CST (IL-CST) (subjects 4,

5, 12), and subject 7 showed MEPs of amplitude

lower than 50 mV at maximal stimulator output so

that TMS mapping was not performed. For all these

subjects MEPs recovered at follow-up. RMT was

significantly higher for MS than for control

(‘group’ effect: F1,26¼ 4.9, p¼ 0.34), independently

from the side and time of evaluation. For map

parameters a significant interaction among ‘group’,

‘side’ and ‘time’ factors was obtained (maparea:

F1,26¼ 17.1, p< 0.0001; mapamplitude: F1,26¼ 30.4,

p< 0.0001 and mapdensity: F1,26¼ 11.4, p¼ 0.002).

Maparea to the IL-CST resulted in significantly

lower in comparison with the contralesional-CST

(CL-CST) (t8: –3.3, p¼ 0.01) and mapamplitude in

comparison with the CL-CST and control (t8: –2.8,

p¼ 0.02 and t27: –2.7, p¼ 0.01, respectively). On the

contrary, mapamplitude and mapdensity to the CL-CST

were significantly increased compared with controls

(t31: 2.2, p¼ 0.031 and t31: 2.1, p¼ 0.038, respec-

tively) and a trend was observed for maparea (t31: 1.9,

p¼ 0.06). Over time, mapamplitude significantly

increased for the IL-CST (t8: –2.8; p¼ 0.022)

while all the map parameters decreased for the

CL-CST (maparea: t11: 2.7, p¼ 0.019 mapamplitude

t11: 3.4; p¼ 0.005 and mapdensity t11: 3, p¼ 0.010)

(Figure 1 and 2).

The analysis of CoGs position along the medio-

lateral axis showed a significant effect of ‘group’

factor (F1,26¼ 16.8, p< 0.0001), CoGs in MS

being laterally displaced compared with controls

independently from the side and time of evaluation.

An interaction among ‘group’, ‘side’ and ‘time’ fac-

tors (F1,26¼ 54.1, p< 0.0001) was also obtained. At

baseline CoG of the unaffected side was more

medial than the affected (t8: 6.6, p< 0.0001) and at

follow-up it lateralized (t11: –3.1, p¼ 0.01).

Considering the antero-posterior axis, a significant

interaction among ‘group’, ‘side’ and ‘time’ factors

(F1,26¼ 40.2, p< 0.0001) was obtained. CoG of the

unaffected side was anteriorly positioned with

respect to the ipsilesional side at T1 (t8: –2.5,

p¼ 0.03) and over time it shifted posteriorly (t11:

2.5, p¼ 0.05). At baseline, the greater the map

volume of the CL-CST the greater anteriorly map

shift (r¼ 0.65, p¼ 0.015). There were no significant

differences in CoG position between MS

subjects and controls in the anterior–posterior axis

(Figure 3). In our patients, iMEPs to stimulation of

the CL-CST were never elicited.

iSP

From the ANOVA analysis we obtained a ‘group’

effect (F1,29¼ 7, p¼ 0.01), and a significant interac-

tion between ‘group’ and ‘side’ factors (F1,29¼ 7.7,

p¼ 0.01), and iSParea on the unaffected APB was

significantly lower in comparison with controls

(t28: –3; p¼ 0.006). Only a significant effect of

‘group’ factor was obtained for iSPonset and

iSPduration; MS showed delayed iSPonset and longer

iSPduration than controls independently of the side

and time of evaluation (F1,29¼ 10.1; p¼ 0.003 and

F1,29¼ 9,2; p¼ 0.005, respectively) (Figure 4).

Correlation of clinical measurements and

neurophysiological parameter

Expanded Disability Status Scale (EDSS) in the

relapsing as well as in the remitting phase directly

correlated with disease duration (r¼ 0.77, p¼ 0.002

and r¼ 0.87, p< 0.001, respectively), the number of

relapses (r¼ 0.78, p¼ 0.001 and r¼ 0.75, p¼ 0.003,

respectively), and the MRI lesion load (r¼ 0.69,

p¼ 0.009 and r¼ 0.77, p¼ 0.002, respectively). No

correlations were found with neurophysiologi-

cal parameters.

Map parameters were not influenced by lesion site

(cervical or supratentorial), disease duration, cortico-

steroids intake or number of relapses. At baseline,

map parameters to the CL-CST did not correlated

with motor performance of both sides, while maparea
and mapamplitude to the IL-CST correlated with MRC

score (r¼ 0.55, p¼ 0.001 and r¼ 0.56, p¼ 0.001)

and NHPT of the affected side (r¼�0.46,

p¼ 0.007 and r¼�0.53, p¼ 0.001). Baseline

values of map parameters to the IL-CST and CL-

CST did not correlated with motor recovery of the

paretic arm. The over-time increase in mapdensity to

the IL-CST correlated with MRC improvement at

follow-up (r¼ 0.62, p¼ 0.02); NHPT improvement

Multiple Sclerosis Journal—Experimental, Translational and Clinical
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Figure 2. Example of cortical motor mapping from a single patient. MEPs were obtained from the APB muscle of both

sides by TMS of the contralateral motor cortex. MEPs amplitudes higher than 50mV were interpolated and projected on

an average brain cortical surface reconstruction using Curry software V4.6.

Figure 1. Cortical map parameters in MS patients and controls. (a) greater maparea to the contralesional-corticospinal

tract (CL-CST) in comparison with the ipsilesional-corticospinal tract (IL-CST) at baseline that significantly decrease

at follow-up. (b) reduced mapamplitude to the IL-CST in comparison with the CL-CST and controls and increased

mapamplitude to the CL-CST in comparison with controls at baseline. Significant mapamplitude increase for the IL-CST

and decrease for the CL-CST at follow-up. *p< 0.05; **p< 0.005

Chieffo et al.
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weakly correlated with the over-time increase of

maparea and mapamplitude (r¼�0.6, p¼ 0.037 and

r¼�0.5, p¼ 0.044, respectively). Interestingly,

reduction of maparea and mapamplitude to the CL-

CST was associated with an amelioration in per-

forming NHPT with the unlesioned side (r¼ 0.9,

p< 0.001 and r¼ 0.8, p¼ 0.003) (Figure 5).

ISParea at baseline negatively correlated with the

number of relapses (r¼ –0.6, p¼ 0.038). Greater

iSParea on the affected hand at baseline directly cor-

related with muscular straight improvement (r¼ 0.7,

p¼ 0.015) and iSPduration with NHPT improvement

at follow-up (r¼ 0.6, p¼ 0.035) (Figure 6). No sig-

nificant correlations were obtained between cortical

map parameters and iSP measurements.

Discussion

TMS mapping provides complementary information

about the integrity of the CST and changes of corti-

cospinal excitability after brain lesions. Our data

indicate that acute relapse of MS involving the

CST of one side determinates bi-hemispheric

changes of corticospinal excitability. In particular,

we observed an enlargement of the cortical motor

representation of hand muscles of the unaffected

side which was associated with a displacement of

CoGs towards more frontal regions. This anterior

shift could reflect some degree of cortical plasticity

and perhaps an activation of premotor areas.20 This

latter phenomenon has been described in fMRI stud-

ies on remission–relapsing or secondary progressive

MS;3,21 however, the role played by the different

brain areas in terms of compensation or restoration

of function is controversial. TMS mapping provides

an indication of cortical regions directly projecting

to the target muscle.8 In this study, iMEPs to stim-

ulation of the CL-CST have not been observed.

Furthermore, we found that early hyperexcitability

of the unlesioned CST is irrespective of the severity

of motor deficit or lesion site and it decreases over

time (around 6months), becoming closer to that of

controls independently from motor recovery. These

data suggest that, in the relapsing phase of the dis-

ease, changes of corticospinal excitability of the

unlesioned side do not reflect a true functional reor-

ganization. Motor cortex hyperexcitability could be

the expression of a disinhibition, derived from

changes in either transcallosal or intracortical cir-

cuits. Transcallosal connections have been investi-

gated in this study using iSP, which is a measure of

the interhemispheric control of voluntary cortical

motor output.22 We found a reduction of iSP param-

eters reflecting a declined efficiency of interhemi-

spheric inhibition. However, the hyperexcitability of

the unlesioned hemisphere does not directly corre-

late with interhemispheric inhibitions, suggesting

that this could not be the only mechanism involved.

Although intracortical circuits have not been tested

in this study, a diffused lack of normal gamma-

aminobutyric acid (GABA) receptors-mediated

intracortical inhibitory activity after acute relapse

has been demonstrated in a previous study.23 As

MEPs mainly originate from the stimulation of

excitatory axons impinging on the CST,24 our

Figure 3. CoGs position in respect with vertex for controls (circular marker) and MS subjects (triangle for the unaffected

side and rhombus for the affected side) at baseline (T1) and follow-up (T2). CoGs in MS subjects were laterally displaced

in comparison with controls (p< 0.0001). At baseline, CoG of the unaffected side was more medially (p< 0.0001) and

anteriorly (p¼ 0.03) positioned than in the affected side in MS. At follow-up CoGs positions of the two hemispheres were

more symmetric.
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finding of increased map of output from the CL-CST

supports the idea that the relapsing phase of MS is

paralleled by an imbalance between glutamate and

GABA transmission, favouring excitation processes.

It is, therefore, likely that acute hyperexcitability of

the contralesional side could be the effect of a dif-

fuse and unspecific inflammatory status. In this

regard, rapid functional changes in the excitability

of cortical motor circuits have been obtained imme-

diately after high-dose steroids intake.25 We did not

observe similar effects on map parameters probably

because steroid intake was not standardized and

follow-up was performed several months later. The

over-time hyperexcitability decrement was associat-

ed with an improvement in performing NHPT with

the ipsi-lesional hand, suggesting that acute disinhi-

bition of the unlesioned hemisphere could

transitorily affect bi-hemispherical cortical networks

involved in the more complex unilateral motor tasks

such as NHPT.5,26

Considering the IL-CST, TMS mapping parameters

at baseline were strongly affected by the acute

damage of the CST by lesion; for three subjects a

severe conduction block was observed and for the

remaining subjects the map of outputs was reduced.

We observed a kind of mismatch between two map

parameters, mapamplitude was much more severely

decreased than maparea. This indicates that the cor-

tical excitable area of hand muscles (as maparea) was

almost preserved, being the cortical region not

involved in acute relapse. Reduction of map ampli-

tudes could be, instead, the effect of impaired tem-

poral or spatial summation of impulses arriving at

Figure 4. Ipsilateral silent period parameters (area-a and duration-b) in controls and MS on the affected (A-APB) and

unaffected APB (U-APB). *p< 0.05.

Chieffo et al.
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the spinal motoneuron pool due to slowed axonal

conduction or conduction block.1,27,28 Reduction of

the map of output from the affected side strongly

correlated with the degree of motor impairment in

the relapsing phase, but was not strictly predictive of

poor recovery. This latter finding leads to several

considerations. After acute relapse, the alteration of

axonal conduction to TMS could be related to

Figure 5. NHPT improvement for the affected side (AS) correlated with the over-time increase of maparea (a) and mapamplitude (b) to the IL-CST

(r¼�0.6, p¼ 0.037 and r¼�0.5, p¼ 0.044, respectively). Amelioration in performing NHPT with the unlesioned side (US) correlated with

reduction of maparea (c) and mapamplitude (d) to the CL-CST (r¼ 0.9, p< 0.001 and r¼ 0.8, p¼ 0.003, respectively).

Figure 6. (a) iSParea on the affected APB at baseline directly correlated with muscular straight improvement of the affected side (AS) (r¼ 0.7,

p¼ 0.015) and (b) iSPduration with NHPT improvement of the AS at follow-up (r¼ 0.6, p¼ 0.035).

Multiple Sclerosis Journal—Experimental, Translational and Clinical
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transitory oedema rather than to demyelination,

which cannot be determined with certainty.27

Second, it is likely that impairment of baseline

MEPs is representative of the degree of corticospinal

damage produced by an acute lesion but is not able

to predict the efficiency of the CNS in restoring the

conduction to remyelinated axons or to persistently

demyelinated axons. Third, behavioural recovery

could be related to tissue repair as well as to mech-

anisms of brain plasticity occurring when tissue

repair is incomplete.29 In a previous MRI study, no

correlations were found between the pseudotumoral

lesion volume involving the CST and motor perfor-

mance.3 Recovery of symptoms scarcely correlated

with structural CNS damage, as measured using

MRI.2 The evaluation of synaptic plasticity seems,

instead, to predict long-term recovery (up to

12weeks). For instance, normal synaptic plasticity,

measured during a relapse of MS with the paired

associative stimulation protocol, has been associated

with complete recovery, and impaired plasticity with

incomplete or absent recovery.29 From our data we

found that MEPs recovered over time for all sub-

jects, and map parameters significantly increased

for most of them. The increase of mapdensity over

the affected side correlated with the improvement

of hand strength. The enlargement of the map of

outputs from the affected hemisphere could be relat-

ed to the restoration of conduction to corticospinal

axons. Otherwise, TMS may activate a larger

number of cortical interneurons that connect to the

same unlesioned corticospinal neurons,30 indicating

a mechanism of cortical plasticity. The amelioration

in hand dexterity weakly correlated with the increase

of output from the IL-CST. As previously reported,

the NHPT task involves bi-hemispheric networks.26

Studying transcallosal connections using TMS offers

the possibility to detect clinically disabling as well

as subclinical alteration of interhemispheric func-

tional connectivity in MS.31 Interestingly, from the

iSP analysis, we found that prolonged inhibition of

the voluntary movement of the paretic muscle to

stimulation of the ipsilateral motor cortex, at base-

line, negatively correlated with hand dexterity

improvement. A prolongation of iSPduration could

be explained by involvement of either the transcal-

losal connections between the two motor cortices or

the CST that originates from the non-stimulated

motor cortex. As described by Jung and colleagues,

iSPduration is the most sensitive among the iSP meas-

ures in MS.9 For instance, partial demyelination of

callosal fibres or CST fibres projecting to the target

muscle could result in a normal iSPonset from inter-

ruption of voluntary activity in normally conducting

fibres, but dispersed iSP transmission and delayed

resumption of voluntary activity along demyelinated

fibres.9 Considering this, iSPduration could be influ-

enced by acute and chronic neuronal damage involv-

ing interhemispheric connection through corpus

callosum and corticospinal projections as well. In

this respect, it may be representative of the integrity

of hemispheric functional motor networks and there-

fore a good predictor of recovery.

Conclusions

We obtained bi-hemispheric chances of corticospinal

excitability after acute motor relapse of one upper

limb consisting of a reduction of outputs from the

ipsilesional side and in a transitory hyperexcitability

of the contralesional side. The increase of the map of

outputs from the IL-CST was associated with hand

straight and weakly with dexterity improvement. iSP

measurements were less influenced by the time after

relapse, but were able to predict motor hand recov-

ery, possibly reflecting the integrity of interhemi-

spheric functional motor networks.
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